Introduction
Approximately 50% of plasma calcium is present as the physiologically active 'ionized' or 'free' form. Although routine clinical assessment of this fraction is usually made from knowledge of the total calcium, total protein and albumin, there is increasing evidence that in pathological situations this approach does not correlate well with the direct measurement of ionized calcium [1] .
This study was undertaken to investigate the performance of a new ionized calcium analyser, the 'Nova 2', and determine its practicability in the routine clinical laboratory.
Materials and methods
The Nova 2 analyser (Nova Biomedical, Newton, Massachusetts, USA) is an automatic instrument that measures ionized calcium by direct potentiometry. It was used according to the manufacturer's instructions and with the reagents and standards supplied. The data reported here was gathered over a period of five months. Because of the unavailability of a commercial control serum for ionized calcium, one was prepared in the following way: pooled serum was collected from normal individuals and first allowed to equilibrate with the atmosphere, then buffered with 10mmol/l Tris/HC1 at pH 7"4, The total calcium was 2"3 mmol/l (Control A).
A second pool was prepared in a similar way, but CaCI2 was added to yield a total calcium of 3"3 mmol/1 (Control B). These control sera were aliquoted and stored deep frozen at -80C.
Total calcium and total protein were measured on a Dupont ACA (Wilmington, Delaware, USA) and an Abbott ABA-100 (Chicago, Illinois, USA) respectively. Albumin was quantitated by electrophoresis on cellulose acetate [2] . Corrected 
Accuracy

Samplin9 methods
The analyser is designed to sample anaerobically whole blood, plasma, or serum directly from a vacutainer or syringe. However, the analyser tubing is made from silicone rubber which is carbon dioxide-permeable and therefore could allow significant CO2 loss and consequent pH and ionized calcium changes [5] . This was demonstrated by replacing the tubing with CO2 impermeable material (polypropylene). The result was a slight, but significant, rise in the mean of results by 0"015 mmol/1 (p <0.01). 
Protein interference
Four patient sera were anaerobically ultrafiltered at 37C using Worthington 'Ultrafree' filters. When analysed using the Nova 2, the apparent ionized calcium was lower in the ultrafiltrate, and higher in the protein-rich serum remaining after ultrafiltration, with the native serum results in between (figure 1). 
Comparison with total calcium results
There is a good overall correlation (r-0.89) with total calcium in the patients studied (figure 2). Interestingly, the correlation coefficient is lower when the total calcium is corrected for albumin (r=0.57) or total protein (r=0.66).
Patients undergoing plasmapheresis all showed a consistent decrease in both ionized and total calcium, though the fall in the ionized fraction was proportionally greater (table 4).
Reliability
No major instrument problems developed during this evaluation. Preventative maintenance is well explained in the manufacturer's manual and easy to perform. Tubing tended to become blocked if left in the 'stand-by mode' for more than one day. This can be avoided by using the 'stat mode', which is rather expensive on reagents, or by calibrating the instrument at least twice daily in the 'stand-by mode'.
Discussion
Within-run and between-run precision is acceptable, but it is recommended that all serum analysis be preceded by aqueous standards in order to achieve optimum performance. The reason for poorer precision using control serum rather than patient samples is not clear.
Whole blood samples give poorer precision and do not P. Ferreira Serum protein may also alter the residual junction potential, and has been reported to cause positive interference in the measurement ofionized calcium [5 and 7] . This study suggests a similar problem: when protein was separated by ultrafiltration, the apparent ionized calcium fell more than the approximately 5 anticipated from the Donnan effect [10] . Also, the correlation observed between ionized calcium and protein levels in patient samples tends to confirm this hypothesis. Ionic interferences with the exception of magnesium are minimal. The discrepancy between the negative interference reported here and the positive interference reported by Fyffe et al. [8] is difficult to explain unless individual electrodes vary widely in their responses. There appears to be a negative bias introduced by the carbon dioxide permeability of silicone rubber tubing; however, this is likely to be fairly constant and its minor extent makes it of little clinical importance. A more important source oferror is the variability in results between electrodes, which has also been reported in previous studies ofthe Nova [8] , as well as the Orion SS-20 [5] . If [5] .
In the patients studied, ionized calcium levels showed a good correlation with total calcium, similar to previous published studies [11] . In 
